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Background: Treatment of trypanosomosis is currently facing a number of problems including toxicity of
trypanocidal drugs and development of resistance by the parasites. These limitations have prompted the search for
alternative active substances (such as of natural origin). The purpose of the study was to investigate the effect of
extracts of Moringa stenopetala and Artemisia absinthium on Trypanosoma congolense in mice.
Methods: Swiss white male mice aged 8–12 weeks were divided into six experimental groups of six animals.
Water and methanol extracts of the two plants were prepared. T. congolense was isolated from cattle at Ghibe
valley (Ethiopia). All experimental mice received approximately 1 x 105 trypanosomes in 0.2 ml of blood. Plant
extracts were given orally to four groups (2 plant species and two extraction methods) at 400 mg/kg body weight
for seven consecutive days. One group remained as distilled water treated control and the other as diminzene
aceturate treated control. The effect of the extracts on levels of parasitaemia, body weight, packed cell volume
(PCV) and mice survival was monitored for 25 days.
Results: All treatments have significantly reduced parasitaemia and helped improve body weight, PCV and survival
of mice compared to the water-treated control (P < 0.01 in all cases). These effects were comparable to that with
diminazene aceturate. No significant difference was observed in the reduction of parasitaemia between plant
extract treatment groups. However, mice with extracts of A. absinthium had significantly higher body weight than
those with extracts of M. stenopetala (P < 0.05).
Conclusions: The two plants have antitrypanosomal potential against T. congolense by reducing the levels of
parasitaemia, maintaining good PCV and body weight, and prolonging the lives of infected animals.
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Among those diseases that have plugged sub-Saharan
Africa is the African animal trypanosomosis. In the ab-
sence of vaccines, trypanosomosis control relies heavily on
vector control and chemotherapy. Targeting the trypano-
somes in the host using chemotherapeutic agents is one of
control practices undertaken since the advent of modern
trypanocidal drugs. Unfortunately the use of these try-
panocides is beset by numerous limitations, including
toxicity of the drugs, development of resistance by the* Correspondence: mirutseg@yahoo.com
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article, unless otherwise stated.parasites [1,2] and limited availability (cost and accessi-
bility). Investigations in different parts of Ethiopia indicate
the widespread occurrence of trypanocidal resistance
problems [3-5].
These limitations of commercially available trypanocidal
drugs have prompted the search for alternative active sub-
stances (such as of natural origin). Works on plant ex-
tracts active against some species of trypanosomes have
already shown promising findings in many countries in-
cluding Ethiopia. Examples are extracts of Neurolaena
lobata on Trypanosoma cruzi [6], Moringa stenopetala on
T. b. brucei [7], Combertum molle on T. b. rhodesiense [8]
and Artemisia spp. on T. brucei [9]. However, information
is scant on the efficacy of these and others plants on someentral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly credited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this
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this study was undertaken with the objective of investigat-
ing the effects of crude extracts of Moringa stenopetala
and Artemisia absinthium, in Trypanosoma congolense in-
fected mice.
Results
Toxicity test in uninfected mice
Different extracts and doses of A. absinthium and M.
stenopetala, given orally did not significantly affect the
levels of packed cell volume and weight of the unin-
fected mice throughout the experimental period when
compared to those of water- treated mice. All the mice
showed a gradual increase in body weight (Figure 1 and
PCV (Figure 2) during the toxicity test. Moreover, no
sign of acute toxicity was detected.
Parasitaemia in trypanosome infected mice
In N-control group of mice, peak parasitaemia was ob-
served on D7 post treatment where mean counts reached
11.6×107/ml. This was followed by a higher count on D15
and afterwards. Mice treated with single dose of dimina-
zene aceturate showed non-detectable parasitaemia three
days post treatment until D11. This was followed by a
gradual increase in parasite count until D19. In animals
treated with water and methanol extracts of A. absinthium
and M. stenopetala, peak parasitaemias were observed on
Days 7 and 11 post treatment but parasite counts where
approximately half that of the non-treated control group
(Figure 3). All treatments at 95 % CI (AW mean: 1.8×106 ±
1.6×106, CI: 0.2×106-3.4×106; MW mean: 1.7×106 ±
1.8×106, CI: 0.9×106-2.2×106; AM mean: 2.3×106 ± 2.0×106,
CI: 0.3×106-4.3×106; MM mean: 2.0×106 ± 1.5×106, CI:
0.5×106-3.5×106) have significantly reduced the parasit-
aemia of mice compared to the water treated control
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Figure 1 Weights of uninfected mice during subacute toxicity testing
absinthium and M. stenopetala or water only (MW =M. stenopetala in water
in methanol, MM- M. stenopetala in methanol).the effect of all plant extracts in the reduction of parasit-
aemia was comparable to that of diminazene aceturate (P >
0.05). There was no significant difference in the reduction
of parasitaemia between crude extract treatment groups.
Impact of treatment on the weight of trypanosome-
infected mice
The weight in the untreated infected mice group started to
decrease after 12 days post infection and continues to de-
crease till all the mice died by D18. In the diminazene
aceturate treated group, after a slight decline on D9, the
animals showed a gradual increase in weight until the end
of the experiment. Water extract of A. absinthium and M.
stenopetala treated mice groups generally showed a grad-
ual increase in mean weight until the end of the experi-
mental period. After some decrease around D7 and D9,
groups treated with methanol extract of A. absinthium
and M. stenopetala showed a gradual increase in body
weight. Groups treated with plant extracts and diminazene
aceturate showed significantly higher body weights than
the water treated control group (P < 0.01) (Figure 4). The
effect of all plant extracts on body weights of infected mice
was comparable to that of diminazene aceturate (P > 0.05).
However, group receiving water extract of A. absinthium
had significantly higher body weight (mean: 35.9 ± 0.3 g,
CI: 35.1-36.7 g) than water extract of M. stenopetala
(mean: 34.7 ± 0.4 g, CI: 33.7-35.7 g) (P < 0.05). Similarly,
methanol extract of A. absinthium had significantly higher
body weight (mean: 36.5 ± 0.3 g, CI: 35.8-37.1 g) than
methanol extract of M. stenopetala (mean: 34.8 ± 0.3 g, CI:
34.1-35.4 g) (P < 0.01).
Packed cell volume in trypanosome infected mice
While the mean PCV in the N-control group continued to
decrease till all the mice are lost due to the infection, all
the other treatment groups generally controlled their PCVD9 D11 D13 D15
ling days
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. The mice were given either water and methanol extracts of A.
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Figure 2 PCVs of uninfected mice during subacute toxicity testing. The uninfected mice were treated with either water and methanol
extracts of A. absinthium and M. stenopetala or water only (MW =M. stenopetala in water, AW= A. absinthium in water, Distilled-W =water,
AM- A. absinthium in methanol, MM- M. stenopetala in methanol).
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the N-control group (P < 0.05) (Figure 5). Except with
water extract of M. stenopetala, all plant extracts had
comparable effect to diminazene aceturate and there was
no significant difference in the level of PCV between
crude extract treatment groups.
Survival periods of trypanosome infected mice
Figure 6 shows survival curve of infected mice with or
without treatment. Deaths in water-treated mice (N-con-
trol) started 5 days after treatment with all the mice dying
by 18 days post treatment. All animals have survived in
groups treated with diminazene aceturate and methanol ex-
tract of M. stenopetala. In Water extract of A. absinthium
treated mice 2 survived while in water extract of M. steno-
petala treated mice three survived to the end of experimen-
tal period. In methanol extract of A. absinthium treated
mice one animal died on day 9 and the rest survived until







































Figure 3 Parasitaemia with T. congolense infection in mice treated wi
A. absinthium, diminazene aceturate or water only (N = negative, P = p
water, AM = A. absinthium in methanol, MM=M. stenopetala in methamethanol extracts of M. stenopetala and A. absinthium had
significantly increased survival time compared to untreated
infected mice (p < 0.05).
Discussion
All animals in the non-treated control group have already
died by the 18th day of the experimental treatment sug-
gesting that the T. congolense strain isolated from Ghibe
has readily established and was highly pathogenic to mice.
The in vivo antitrypanosomal activity exhibited against T.
congolense by the crude extracts of the plants M. stenope-
tala and A. absinthium are in agreement with the findings
of previous workers on other species of trypanosomes
such as T. cruzi, T. b. brucei and T. b. rhodesiense [10-12].
However, further study may be needed to identify the
exact molecule(s) that has/have played a major role in the
killing and/or suppression of T. congolense infection in
mice. Studies on M. stenopetala [7] and A. absinthium [9]
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Figure 4 Weights of T. congolense infected mice treated with both water and methanol extract of M. stenopetala, A. absinthium,
diminazene aceturate or water only.
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this activity of the extracts might be attributed to the
major compound camphor and two other major sesquiter-
pene lactones, absinthin, artabsin and glucosinolates which
are known to occur in the plants.
The findings of this study clearly indicated that all the
plant extracts exhibited moderate to high antitrypanoso-
mal activity in vivo. Comparisons between two solvents
of extraction: water and methanol showed, overall, better
activity could be obtained when the two plants were ex-
tracted with methanol than with water. The reason may
be multi-factorial, but it could be attributed to the type
of molecules or plant components extracted by the two
solvents [13,14].
Despite the significant reduction in parasitaemia, the
plant extracts did not completely clear the parasites. Sev-













Figure 5 PCVs of T. congolense infected mice treated with both water
diminazene aceturate or water only.parasitaemia and concluded that high parasite load could
mask the efficacy of crude extracts [15,16]. Moreover, the
crudeness of the extracts, the dose and the oral route of
administration might have also reduced the availability of
sufficient active compounds.
Observations with the commercial drug, diminazene
aceturate showed an initial decrease in the level of para-
sitaemia to non-detectable level (wet film), and later on
during the experimental period, the relapse of parasit-
aemia. As the animals were under high dose treatment
(28 mg/kg), this finding strongly suggests that the para-
site isolate has already developed diminazene aceturate
resistance. This observation agrees with the findings
of studies conducted elsewhere [17,18] that reported
diminazene aceturate resistance in livestock in the
Ghibe valley (where our sample was taken). Others
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Figure 6 Effect of water and methanol extracts of M. stenopetala, A. absinthium on T. congolense infected mice survival time.
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tal studies in mice.
The positive effect of plant extracts can further be de-
duced from weight measurements of the experimental ani-
mals. Animals treated with the plant extracts, on average,
maintained their body weight at comparable levels to pre-
treatment values while those in the untreated infected
group showed progressive reduction in body weights. This
findings support the reports of similar studies elsewhere
[20]. Moreover, animals treated with extracts of the two
plants generally had fairly comparable weights to those
treated with diminazene aceturate indicating that the re-
duction in parasitaemia due to the extracts has led to the
maintenance of close to normal body weights throughout
the experimental period.
It has also been shown that the measurement of anemia
gives a reliable indication of the disease status and product-
ive performance of trypanosome-infected animals [21].
Other reports [16,22] have also ascribed acute anemia in
trypanosomosis to proliferating parasites. The result of this
study showed that these plant extracts have comparable po-
tential to diminazene aceturate since they are able to con-
trol anemia, especially at the later stages of the infection, by
minimizing drops in PCV values. In untreated mice, the
parasite count increased and the packed cell volume (PCV)
decreased markedly until the animal dies, which was also
observed in previous studies [23,11].
Treatment with plant extracts have shown extended sur-
vival of mice in the treatment groups compared with the
non-treated control group. The prolongation of survival
time in infected groups following oral administration of
crude extract agrees with previous reports [15,23] who
have applied extracts of Momordica balsamina and Hyme-
nocardia acida on T. brucei. Of special interest are the
methanolic extracts of our test plants, which clearly dem-
onstrated an interesting antitrypanosomal profile; theymaintained the animals above 25 days (with 100% and
83.3% survival rate) despite the presence of parasites in
the circulation.Conclusion
This study was able to demonstrate the antitrypanosomal
effect of crude extracts of Artemisia absinthium and Mor-
inga stenopetala in T. congolense infected Swiss white mice.
The findings showed that methanol and water extracts
of the leaves of M. stenopetala, and aerial parts of A.
absinthium have suppressive effect on parasitaemia and
consequently improved the body weight, PCV and survival
of infected mice. The effects of the extracts were compar-
able to that produced by the commercial drug diminazene
aceturate. Hence, this antitrypanosomal potential of the
two plants should be further investigated in trypanosomes
of livestock importance.Methods
Parasites
This study was conducted on Trypanosoma congolense iso-
lates collected from cattle near Ghibe river valley, 176 km
south west of Addis Ababa. The altitude of Ghibe ranges
from 1,000 to 1,100 m.a.s.l. this site was chosen because of
the dominance of the area by T. congolense followed by
T. vivax [24] Blood samples were collected from the ear
vein of cattle and examined using wet smear technique to
detect the presence of trypanosomes. Suspected T. congo-
lense (by motility and morphology) infected blood of cattle
were immediately inoculated into five mice, each by 0.2 ml
of positive blood intraperitoneally [25] and then transported
to the laboratory at Aklilu Lemma Institute of Pathobiology
(Addis Ababa University). Further confirmation of the spe-
cies (T. congolense) was done by its establishment in mice
and morphological examination after Giemsa staining. The
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sage in mice.
Plant material collection and extraction
Areal part of A. absinthium was collected in November
2011 from Sululta area (North of Addis Ababa). Dried and
powdered leaves of M. stenopetala (originally collected
from Arba-Minch area (southern Ethiopia) were obtained
from the Forest Research Center (Addis Ababa). The iden-
tification of the intact plant materials was done by a botan-
ist at Aklilu Lemma Institute of Pathobiology, Addis Ababa
University. One hundred gram of the dried and powdered
materials of both plants was soaked separately in 500 ml of
distilled water or 80% methanol in a conical flask and
stirred intermittently for 72 hrs at room temperature. The
materials were then filtered using sterile Whatman No.1
filter paper into a clean conical flask and the residues were
re-suspended in the same amount of solvent and then fil-
tered three more times. Pooled aqueous filtrates obtained
were freeze dried to powder and stored in a refrigerator at
4°C until used. The pooled methanolic filtrates obtained
were evaporated to dryness at 40°C in hot air oven and
were re-dissolved in distilled water before oral administra-
tion to the animals [15].
Experimental mice
Swiss white male mice aged between 8–10 weeks and
weighing between 30 and 35 grams were obtained from
the National Veterinary Institute (Debre-Zeit-Ethiopia),
and kept in a fly-proof animal room. They were provided
with commercial pelleted ration and water ad-libitum.
Thirty-six mice were divided into six experimental groups:
N-control (infected but non-treated), P-control (infected
and treated with diminazene aceturate), Test-AW (Infected
and treated with water extract of A. absinthium), Test-
MW (Infected and treated with water extract of M. steno-
petala), Test-AM (Infected and treated with methanol ex-
tract of A. absinthium) and Test-MM (Infected and treated
with methanol extract of M. stenopetala).
In vivo toxicity test
Toxicity test was done on three mice for each plant extract
as described in Ngure et al. [11]. Mice were orally drenched
with a single dose of 2000 mg/kg of extract for acute tox-
icity followed by another group given 400 mg/kg (experi-
mental test dose) for seven days for subacute toxicity test.
Experimental infection and treatment
All experimental mice received 1 × 105 parasites in 0.2 ml
blood/PBS solution intraperitonially [24]. Development of
parasitaemia was followed using the ‘rapid matching’
method [26] on wet films. Most animals showed detect-
able parasitaemia around day 12 post infection (approxi-
mate level of parasitaemia: 5 × 106/ml of blood). Hence,treatments commenced at about day 12 post infection
(taken as Day 0) at the first detection of parasitaemia.
Crude plant extracts were given at a dose of 400 mg/kg or-
ally for 7 consecutive days while single dose diminazene
(28 mg/kg) was given intraperitonially [27]. The infected
but non-treated control group received distilled water or-
ally for seven days.Measurements
The level of parasitaemia was followed for 25 days post
treatment by the ‘rapid matching’ method on blood drawn
from the tail every other day. Briefly, a wet film was pre-
pared, covered with a cover slip and slides were examined
under 40× objective lens and parasites were counted. The
number of fields counted depends on the abundance of
parasites per field. If no parasite was counted in 20 fields,
then the sample was taken as negative. The number of par-
asites per milliliter of blood was calculated as described by
Herbert and Lumsden [26]. Blood was obtained from the
tail vein of mice in heparinised capillary tubes every other
day for 12 days before and 25 days after treatment. The
tubes were centrifuged in a micro-centrifuge for 5 min at
10000 rpm. PCV was measured by using a haematocrit
reader. Similarly, the weight of mice was measured using a
weighing balance. The survival rate was measured by re-
cording the number of days the mice has lived with or
without treatment, from the day of treatment to 25 days
after treatment. On the 25th day post treatment, the per-
centage of mice surviving was calculated for each group.Statistical analysis
Data on parasitaemia, body weight and packed cell volume
were analyzed using Windows SPSS Version 15. The one-
way ANOVA was used to compare results among and
within groups for differences between initial and final re-
sults. All data were analyzed at a 95% confidence interval
(α = 0.05). Univariate survival analysis of data using Kaplan-
Meier method was done to determine the effect of plant
extracts on the survival rate of infected animals. The log-
rank test was used to examine the null hypothesis that the
survival times were identical.Ethical considerations
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